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Summary A 5-year-old male neutered cat was diagnosed with severe anaemia due to
acute Mycoplasma haemofelis infection. Inflammatory respiratory disease was
present concurrently. The cat was treated successfully using a fresh transfusion of
whole blood and a 6 week course of doxycycline. The patient made a rapid recovery
although the allergic airway disease subsequently required specific therapy consist-
ing of inhaled fluticasone and salbutamol. Real-time quantitative PCR assays con-
firmed the presence of M. haemofelis DNA copies in the blood at presentation.
Repeat PCR assays showed a reduction in copy number during treatment and
negative PCR results were obtained both 91 and 425 days after presentation. The
report describes, for the first time, the use of real-time PCR in the diagnosis and
monitoring of natural M. haemofelis copy number, as well as the induction of
long-term negative PCR status.
© 2004 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.

Introduction

Haemobartonella felis has been reclassified within
the genus Mycoplasma as Mycoplasma haemofelis
(Neimark et al., 2001) and ‘Candidatus Mycoplasma
haemominutum’ (Foley and Pedersen, 2001). These
species differ in pathogenicity with M. haemofelis
being the more pathogenic species, often causing
severe haemolytic anaemia during acute infection
(Berent et al., 1998; Foley et al., 1998; Westfall
et al., 2001). Polymerase chain reaction (PCR) as-
says are known to be more sensitive than cytology
for diagnosis and enable differentiation between
the two species (Berent et al., 1998; Foley et al.,
1998; Westfall et al., 2001). Recently a real-time

PCR assay, which allows quantification of the
amount of M. haemofelis and ‘Candidatus M.
haemominutum’ DNA present in blood samples, has
been described (Tasker et al., 2003b). This case
report documents the use of this real-time PCR
assay to detect and quantify M. haemofelis copy
number in a naturally infected Australian cat.

Case report

A 5-year-old male neutered Burmese cat, vacci-
nated against feline calicivirus, feline rhinotrachei-
tis virus and panleucopenia virus, presented with a
3-day history of reduced appetite and activity.
Worming and preventative flea treatment were up
to date. Previous long-term history consisted of
occasional coughing, attributed to low-grade bron-
chitis, but the frequency of coughing had increased
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in the 3 days before presentation. On clinical
examination he was found to be in good body con-
dition but was tachypnoeic (respiratory rate of 48
breaths per min) and had pale mucous membranes.
He was mildly pyrexic (temperature of 39.2 °C;
normal range 38–39 °C). Auscultation of the chest
was difficult due to purring but bilateral wheezes
were audible. His heart rate was normal (180 beats
per min).

Routine haematology (Table 1) revealed a
severe anaemia (PCV 10%) with regeneration
(absolute reticulocyte count 234×109/l) and an
eosinophilia. Many epierythrocytic bodies were
present on a Diff-quik (Lab Aids, Sydney, NSW,
Australia) smear along with anisocytosis, poly-
chromasia and normoblasts. FeLV antigen and FIV
antibody tests (Witness tests, Agen Biomedical
Ltd, Brisbane, Australia) were negative and blood
typing, using a RapidVet-H (Feline) blood typing
card (DMS Laboratories, Hawksburn, Victoria,
Australia), showed the cat to be type A. Real-time
PCR reactions were performed in triplicate, as
described previously (Tasker et al., 2003b), on
DNA extracted from approximately 100 µl of
blood. Quantification of copy number was
achieved by reference to a standard curve gener-
ated by amplifying ten-fold dilutions of DNA from
plasmid standards containing known M. haemo-
felis copy numbers. Positive and negative control
reactions gave appropriate results. PCR docu-
mented the presence of 406,000 M. haemofelis
copies per µl of blood (Table 2). Diagnostic inves-
tigation of the coughing comprised thoracic radi-
ography which showed the presence of a marked

diffuse bronchial pattern with a small area of
consolidation in the right middle lung lobe.

These findings were consistent with a diagnosis
of severe anaemia due to M. haemofelis infection,
with presumptive concurrent inflammatory airway
disease.

Treatment comprised intravenous admin-
istration of 50 ml of fresh type A whole blood and
oral doxycycline (Vibravet, Pfizer) at 5 mg/kg/day
bid for 42 days. Serial PCV determinations demon-
strated a rise from 10% (day 1) to 16% (day 2)
following blood transfusion, and the cat showed
marked clinical improvement with resolution of
tachypnoea although coughing persisted. Only
occasional epierythrocytic bodies were visible in
peripheral blood smears on day 2. By day 4 the
PCV had risen further to 32%. On day 6 routine
haematology (Table 1) showed a mild strongly
regenerative anaemia with eosinophilia and baso-
philia. A few questionable epierythrocytic organ-
isms remained visible on cytology. On day 30
repeat haematology revealed no significant abnor-
malities (Table 1) and although thoracic radiogra-
phy showed resolution of the area of pulmonary
consolidation, the bronchial pattern persisted.
Accordingly bronchoalveolar lavage (BAL) was per-
formed and revealed an increase in cellularity
comprising predominantly neutrophils (50%) and
eosinophils (some in sheet formations) (29%), with
no evidence of Aelurostrongylus abstrusus larvae.
Culture of a BAL specimen was negative. Real-
time PCR was repeated on day 30 and showed less
than one M. haemofelis copy per µl of blood
(Table 2). To allow such comparison between

Table 1 Selected routine haematology results

Parameter Reference range Units Day 1 Day 6 Day 30

PCV 30–45 % 10 26 32
Haemoglobin 80–140 g/l 35 81 115
Red blood cell count 6–10 ×1012/l 1.8 4.11 7.8
White blood cell count 8–14 ×109/l 9.7a 17.7 7.9
Eosinophils 0–0.14 ×109/l 0.58 1.59 0.79
Platelets 300–700 ×109/l Adequate Adequate Adequate
Absolute aggregate
reticulocyte count

>50=regenerative ×109/l 234 369.9 Not
determined

Blood smear comments Moderate anisocytosis,
moderate polychromasia
and many normoblasts.
Epierythrocytic bodies
visible

Moderate anisocytosis,
moderate polychromasia
and occasional
normoblasts. Possible
epierythrocytic bodies
visible

Slight
anisocytosis

PCV indicates packed cell volume. PCVs were also performed in isolation on days 2 (16%) and 4 (32%) as described in the text.
Figures in bold indicate abnormal values. Haematology was performed using a Sysmex K-4500, Toa Medical Electronic Co Ltd,
Kobe, Japan. PCVs, differential and reticulocyte counts were all performed manually.

aCount corrected for nucleated red blood cells.
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blood samples taken at different time points, the
M. haemofelis copy number was standardised to a
given amount of 28S rDNA, determined using the
results of a 28S rDNA real-time PCR assay per-
formed on all samples, as described previously
(Tasker et al., 2003b).

Treatment for active inflammatory airway
disease was started on day 30 with topical sal-
butamol (200 µg twice daily, Ventolin, Glaxo-
SmithKline) and fluticasone (250 µg twice daily,
Flixotide, GlaxoSmithKline), administered with an
inhaler (Padrid, 2000). The cat showed a good
response to treatment and the doses of salbuta-
mol and fluticasone were halved after 30 days of
treatment, and thereafter reduced to their lowest
effective doses. No abnormalities were found on
clinical examination 150 days after presentation.
Real-time PCR assays performed both 91 and 425
days after presentation were negative for M.
haemofelis DNA.

Discussion

This case report documents for the first time the
use of a real-time PCR assay to confirm a diagnosis
of M. haemofelis infection and quantify the re-
sponse to treatment in a naturally infected cat.
Although positive PCR results for M. haemofelis
have been reported in healthy asymptomatic cats
(Tasker et al., 2003a), the visualisation of organ-
isms on a blood smear, the high M. haemofelis copy
number quantified by PCR (comparable to the
copy number seen following experimental in-
fection of cats (Tasker et al., 2003b)), a severe
regenerative anaemia and the improvement with
doxycycline all support M. haemofelis being the
cause of clinical disease. Additionally, negative
PCR results obtained 383 days after completion

of a 42 day course of doxycycline (daily dose of
10 mg/kg) document effective treatment of
infection.

Doxycycline (at a dose of 10 mg/kg/day for 14
days) has been shown to reduce the number of M.
haemofelis organisms visible in blood smears
from experimentally infected cats but did not
reduce the number of positive results obtained
using a conventional PCR assay (Dowers et al.,
2002). The latter assay generated positive and
negative results but gave no quantitative data on
M. haemofelis copy number. The real-time assay
used in the current case report enabled the deter-
mination of M. haemofelis copy number in differ-
ent samples, allowing quantitative evaluation of
the response to treatment. PCR was performed
in triplicate to maximise sensitivity which is
particularly important for samples with very low
copy numbers around the sensitivity threshold of
detection.

Negative PCR results obtained, in triplicate,
over a year after completion of doxycycline
therapy, could represent long-term clearance of
M. haemofelis. Although the real-time PCR assay is
known to be very sensitive (Tasker et al., 2003b)
the possibility remains that total clearance of or-
ganism DNA did not occur in this case, but that the
M. haemofelis copy number present in the blood
was below the threshold of detection for the PCR
assay. Sequestration of haemoplasma organisms in
the spleen and lungs has been suggested (Simpson
et al., 1978) and it may be that in such cases PCR on
peripheral blood yields negative results. Evaluation
of possible clearance of infection would probably
require sampling of potential sites of seques-
tration, such as the spleen and lungs, for PCR. It is
not known whether the cat was previously infected
with M. haemofelis, as an asymptomatic carrier
cat, or whether infection was acquired just prior
to presentation. Routes of transmission of feline
haemoplasma infection have yet to be confirmed
(Tasker and Lappin, 2002) so it is not possible
to speculate on how the current case acquired
infection.

Although previous studies have shown tetracy-
clines to be effective for the treatment of anaemia
in infected cats, they have not shown the consist-
ent elimination of M. haemofelis infection with
treatment. For example, in two experimental
studies PCR tests became negative soon after start-
ing doxycycline, but became positive again
between 3 days and 5 weeks after stopping treat-
ment (Berent et al., 1998; Foley et al., 1998). In
one other study (Dowers et al., 2002), only
one of four cats experimentally infected with

Table 2 Real-time PCR results

Day
1

Day
30

Day
91

Day
425

M. haemofelis copy
number

406,000 0.23 0 0

M. haemofelis copy number shown is the average of three
replicate PCR reactions, performed using 2 µl of DNA
extracted from approximately 100 µl of blood and eluted
into a 200 µl volume. The copy number therefore
represents that present per µl of blood assuming 100%
efficiency of DNA extraction and amplification. Values are
standardised across samples to a given amount of 28S rDNA.
Treatment was started on day 1 (after sample for PCR was
taken) and continued until day 42.
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M. haemofelis became PCR negative during
doxycycline treatment, although this cat remained
PCR negative 6 months later. Direct comparison
of these studies is difficult due to the use of
different PCR assays, and it is unwise to draw
conclusions based on a single patient. However,
the previous studies all used shorter durations of
doxycycline treatment (up to 3 weeks) so it may
be that longer treatment periods (such as the
6 weeks used in the current case report) are
required to maximise the likelihood of clearance
of infection. Additionally different formulations of
doxycycline are available (monohydrate, hyclate
and a calcium salt) which may influence response
to therapy. The current patient was treated with
the monohydrate form of doxycycline. It should be
noted that there have been rare reports of oeso-
phageal stricture formation following oral admin-
istration of doxycycline tablets (McGrotty and
Knottenbelt, 2002; Melendez et al., 2000). To
minimise this potential complication doxycycline
treatment in the current case was administered
either before a meal or was followed by a small
volume of water syringed per os, to encourage
complete swallowing.

A blood transfusion was administered to the cur-
rent case on the first day of presentation. Following
transfusion on day 2 the cat's PCV was 16% (com-
pared to 10% measured on day 1). The cat's PCV
then rose dramatically to 32% on day 4. This marked
increase could reflect, following effective doxycy-
cline treatment, the release into the circulation of
red blood cells previously sequestered in the spleen
(due to M. haemofelis) infection as described pre-
viously (Maede and Murata, 1978). If the release of
large numbers of sequestered red blood cells from
the spleen was responsible for the rapid increase in
PCV observed, it is interesting to speculate that the
blood transfusion may not have been essential in
the recovery of this case. The PCV decreased to 26%
on day 6. Although this may reflect haemolysis due
to an incompatibility in the blood transfusion, the
possibility of ongoing haemolysis due to M.
haemofelis infection cannot be ruled out.

This case shows the successful use of quanti-
tative real-time PCR in confirming the diagnosis
and monitoring infection with M. haemofelis in a
naturally infected cat, and the induction of long-
term negative PCR status. This assay is likely to
be useful in the monitoring of future cases of M.
haemofelis infection.
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